The production innovations have been evolving more and more towards organic, sustainable or environmental friendly systems. Contemporarily, the yield and the quality of crops must be assured. The reduction of fertilisers may be obtained by improving the nutrients uptake or their utilisation by the plants. The aim of our work was to verify if the progressive reduction of nutrient solution concentration in the floating system can be compensated by applications of a biostimulant (Actiwave®, Valagro S.p.a.) without compromising the yield and the quality of vegetables. The experiments were performed on rocket (Eruca sativa Mill.) grown in floating system with standard nutrient solution (NS100%), which was compared with nutrient solutions diluted 4 (NS25%) or 10-fold (NS10%) with or without 0.3 ml L -1 Actiwave. At harvest, yield, leaf area, root dry weight, chlorophyll, carotenoids, and leaf nitrate content were determined. Results showed that Actiwave significantly increased the nutrient uptake and nutrient use efficiency in all treatments. In fact, no statistically significant differences were found in yield between NS100% and NS25% plus 0.3 ml mL -1 Actiwave. Moreover, Actiwave reduced the leaf nitrate content and increased chlorophyll and carotenoids in all treatments. Our results indicate that Actiwave lowered the leaf nitrate content through its ability in stimulating nutrient uptake and nitrogen metabolism. The combination of hydroponics and biostimulants appears as a promising environmental friendly strategy for the greenhouse production of highquality vegetables.
INTRODUCTION
The minimally processed or fresh-cut leafy vegetables have been gaining importance in the world-wide vegetables market (Brecht et al., 2004) . The consumer demand has been increasing in recent years and many farmers oriented their production plans towards the baby leaf vegetables such as lettuce, spinach, rocket, lamb's lettuce and Swiss chard.
The floating system is an adequate growing system that provides leafy vegetables with higher sanitary quality without soil contaminants. This hydroponics system usually reduces the nutrients and water use with huge benefit for the environment. However the application of biostimulants directly in the nutrient solution may improve the nutrient use efficiency and leafy vegetables quality (Vernieri et al., 2005) . Trials performed on rocket showed that biostimulants also increased the chlorophyll content even if the nutrient solution was diluted by 4-fold (Vernieri et al., 2005) . Total chlorophyll content affects the colour and the visual appearance of the leafy vegetables, subsequently the attractiveness for consumers (Ferrante et al., 2004) . The mechanisms behind the effects of biostimulants are still unknown. The isolation of the substances that compose the biostimulant, is not easy and the result may be due to a synergistic effect of many components such as mineral elements, vitamins, amino acids, etc. (Berlyn and Russo, 1990 ).
The aim of this work was to investigate how much the standard nutrient solution in combination with a biostimulant can be diluted without affecting the yield and quality of leafy vegetables.
MATERIALS AND METHODS

Plant Material and Growing System
Rocket (Eruca sativa Mill.) was grown in a floating hydroponic system. Seeds were directly sown in trays containing perlite. After emergence (about 10 days after sowing) all the trays containing seedlings were placed in floating tanks containing nutrient solution. The electric conductivity (EC) was 1.9-2.2 and pH was adjusted to 6.0-6.5. The cultivation was performed under a glasshouse located in Pisa.
Treatments with Biostimulants
Rocket plants were grown in floating systems with the following nutrient solution (concentrations are expressed in mM): 1) standard, i.e.: undiluted solution (NS100%) 12 N-NO 3 , 3.8 N-NH 4 , 2.8 P, 8.4 K, 3.5 Ca, 1.4 Mg, 9.5 Na, 8.0 Cl, 2.7 S, 0.04 Fe and Hoagland's concentration for micronutrients with or without 0.3 ml L -1 biostimulant (Actiwave). 2) 4-fold diluted solution (NS25%) with or without 0.3 ml L -1 Actiwave. 3) 10-fold diluted nutrient solution (NS10%) with or without 0.3 ml L -1 Actiwave.
Sampling and Measurements
At the harvest time, yield, leaf chlorophyll, and nitrate content were measured. Chlorophylls and carotenoids were extracted using methanol 99.9% as solvent. Samples were kept in dark cold room at 4°C for 24 hours. Leaf pigments determination were immediately carried out after extraction. Absorbance readings were measured at 665.2, 652.4 and 470 nm. Total chlorophyll and carotenoids were calculated by Lichtenthaler's formula (1987) .
Nitrate content was measured by the salicylic-sulphuric acid methods. Each sample (100 mg of DW) was ground and placed in 30 ml icon glass with 10 ml of distilled water. Samples were extracted for 2 h at room temperature, under continuous shaking, then centrifuged at 4,000 rpm for 15 min. The supernatant was recovered and 200 µl were added to 800 µl of 5% salicylic acid in sulphonic acid. The mixture was placed on a stirrer and 30 ml NaOH 1.5 M as slowly added. Samples were cooled to room temperature and spectrophotometer readings were performed at 410 nm (Cataldo et al., 1975) . The nitrate content was calculated using calibration standards containing 0, 1, 2.5, 5, 7.5 and 10 mM KNO 3 .
Statistical Analysis
Experimental design was composed by 3 blocks completely randomised and each block included six treatments (3 nutrient solution concentrations and 2 biostimulant concentrations). The data were subjected to two-ways analysis of variance and the differences among treatments were analyzed by Bonferroni post-test (P<0.05). The data are reported in figures and table as means ± standard errors. Each treatment was composed by 3 replicate tanks.
RESULTS
Rocket plants were grown in a floating system with standard nutrient solution and diluted by 4 or 10-fold with or without the biostimulant. The quality and yield of leafy vegetables produced were evaluated at the harvest time. The yield was higher in treatments with Actiwave at lower nutrient concentration, NS 10%. (Fig. 1) .
The leaf nitrate content was lowered by Actiwave in the treatment with NS25%, while no differences were recorded in the other treatments (Fig. 2) .
Leaf area, analogously as observed for the yield, was higher in rocket plants grown in a floating system with nutrient solution containing the biostimulant at NS10% (Fig. 3A) . Moreover, the leaf area of plants grown at NS10% plus Actiwave was not statistically different from the control NS100%. The root development, measured as dry mass, was higher in plants grown in treatments containing Actiwave (Fig. 3B) . In control treatments the root dry weight values decreased by decreasing the nutrient solution concentration (Fig. 3B) . In treatments containing the biostimulant the root dry weight declined from NS100% to NS25%, but no additional reduction was found in rocket plants grown in the NS10% treatment. The total chlorophyll content in rocket plants declined with the reduction of nutrient solution concentration in control treatments (Fig. 4A) . The biostimulant, instead, was able to prevent chlorophyll decline by decreasing the nutrient solution concentration in the floating system. In fact, rocket plants grown in the NS10% and NS25% both containing Actiwave did not show significant differences in total chlorophyll compared with respective controls. The biostimulant also increased the carotenoids content in leaves of rocket plants grown in the standard nutrient solution (NS100%), while in the diluted nutrients solution, Actiwave kept the carotenoids level at the same concentration of standard control (Fig. 4B) .
DISCUSSION
Biostimulants are usually applied in addition to standard fertilization treatments for improving nutrient use efficiency or quality of produces (Heckman, 1994) . In recent years, the use of biostimulants has been increasing for a sustainable agriculture with lower fertilizer inputs. The increase of yield in rocket was particularly observed at the lowest nutrient concentration. These results are in according with the most part of published literature (Russo and Berlyn, 1992; Jana and Paria, 1996) . The higher production of rocket plants grown in the floating system with biostimulant may be explained by the increased values of root biomass that probably improved the nutrient use efficiency. In fact, Actiwave also reduced the nitrate content in rocket leaves. These results were already observed in previous studies where different concentrations of the biostimulant reduced the nitrate content in leaves (Vernieri et al., 2004) . Actiwave improved the total chlorophyll content especially in the diluted nutrient solution. Analogous results were found in other experiments using biostimulants containing iron (Ervin et al., 2004) . The higher chlorophyll content may also improve the photosynthesis activity and subsequently may explain the higher yield. Analogously the total carotenoids content increased by increasing the chlorophyll content in the treatments with the biostimulant. It is well known that chlorophyll and carotenoids are tightly correlated in plants. Carotenoids have to protect the chlorophyll against light photo-oxidation (Biswall, 1995) . Therefore, an increase of chlorophyll has to be coupled with an increment of carotenoids content. Contemporary the increase of carotenoids improves the functional properties of vegetables (Brecht et al., 2004) . In fact, carotenoids are considered phytonutrients because of their ability to prevent aging related diseases (Seddon et al., 1994) . Moreover, the increase of leaf pigments also improves the colour and the visual appearance, affecting the consumer attractiveness (Ferrante et al., 2004) .
In most cases, the mechanisms behind the physiological and biochemical effects of biostimulants are unknown, since the heterogeneous nature of raw materials and substances that are used for biostimulant production do not allow to understand the mode of action and to individuate with certainty the components or the main component that is responsible for the biostimulant activity.
The biostimulant Actiwave contains betaines, alginates, and a vitamin K derivative: kayhydrin. Several known functions of these components could be responsible for the observed effects of Actiwave in improving nutrient use efficiency, yield, and product quality. Betaines are well known for their role as an osmoprotectant (compatible solute) which is useful in stressed situations (Huang et al., 2000) . However, betaines are also noted for their cytokinin-like activity as tested by bioassays (Blunden et al., 1977) . This cytokinin activity may be partly responsible for the increased root growth due to cell division. Vitamin K, naturally present in plants, is probably located in the plasma membrane of plant cells and is responsible for trans-membrane electron transport (Lüthje et al., 1994) . Indeed, vitamin K has been known for its growth-promoting effects on plants for many years (Stowe and Obreiter, 1962; Kaihara and Takimoto, 1985) . Observed with the addition of vitamin K is an acidification of the apoplast, indicating a stimulus of the proton pump (Lüthje and Böttger, 1995) , which would help also in the reduction of Fe(III) to Fe(II), and thus be available for the plant, and also in the improved electrochemical gradient for H + -coupled transport processes. These biostimulant components could be hypothesised to contribute to the observed positive effects of Actiwave.
CONCLUSION
The application of Actiwave directly in the nutrient solution in a floating system can help in reducing the fertilizer applications and the environmental pollution, allowing the production of high-quality vegetables. The availability of the biostimulant in the nutrient solution may allow the reduction of mineral nutrients compared to the addition in soil. hydroponically in floating system using a standard nutrient solution (NS100%), 4-fold (NS25%) or 10-fold (NS10%) diluted nutrient solution, with or without Actiwave (0.3 mL L -1 ). Values are the means ± standard errors (n=3). Data were subjected to two-ways ANOVA. Different letters indicate significant differences (P<0.05).
